Summary &horbar; Two adult Texel sheep fitted with permanent rumen fistulae were defaunated for 12 weeks in a preliminary experiment. They were then reinoculated with Isotricha sp for 11 weeks, and finally with a mixed fauna (Entodinium, Epidinium, Eudiplodinium and Isotricha) for 10 weeks. They were fed a diet composed of dehydrated lucerne (700 g/d), pelleted barley grain (300 g/d), grass hay (100 g/d) and wheat straw (50 g/d) in one daily meal. Isotricha and the ciliates of the mixed fauna developed rapidly, reaching a maximum concentration 9-17 d after inoculation. Their concentration then fell for 2-3 d and finally stabilized at values close to 10 4 /ml for Isotricha, Eudiplodinium and Epidinium and 2.5 x 10 5 /ml for Entodinium. The estimated ciliate biomass in the rumen was 1.8 g I-! for a volume of 10.2 mll-1 in the /sotricha-monoinoculated sheep and 4.7 g I-! for a volume of 25.0 mll-1 in mixedfauna-inoculated sheep. The concentration of Isotricha was unaffected by the inoculation of mixed fauna during the third part of the experiment. No difference in total rumen bacteria counts was observed between defaunated, monoinoculated and completely refaunated animals. The total adenylic nucleotide concentration in filtered rumen juice was 4 times higher in faunated sheep just before feeding and 4-9 times lower after feed intake as compared to defaunated animals; the energy charge was always higher in faunated animals. These results are discussed in relation to the digestive activity and biomass of the protozoa. The in situ degradation of lucerne stems was the highest in the mixed-faunated sheep over a retention time interval of 6-18 h. 
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Measurements
The ciliates were counted using a Dolfuss cell onto which was placed 0.05 ml of the liquid that was obtained by manually squeezing rumen contents through a metal gauze with a mesh size of 1 MM 2 . The entire cell was evenly covered with Hungate solution and counting was made through a binocular magnifier (x 80).
To calculate the volume of ciliates in the rumen, the mean volumes of large (Eudiplodinium, Isotricha), medium (Epidinium, some Entodinia) and small ciliates (small Entodinia) were taken to be 10 6 , 10 5 and 10 4 pm 3 respectively (Warner, 1962; Williams and Coleman, 1992) . The corresponding biomass was calculated from the estimations of Leng et al (1981) and Broad and Dawson (1975) Van Soest and Wine (1967) .
The in vivo digestibility of the diet was measured by monitoring the amounts ingested and the total faeces collected over a period of at least 7 d.
The pH and redox potential of the rumen fluid were measured immediately after sampling with a Schott-Gerate CG-817-T pH meter (6238 Hofheim, Germany), fitted with a 1042A electrode for the pH and a Pt-42-A electrode for the redox potential. The electrode for redox potential was calibrated with a standard solution (34.3 rH from Bioblock Scientific, France) just before the measurements were taken in an oxygen-free cell as described by Prévot (1990) . Redox potential determinations on rumen samples were made rapidly after sampling in the same conditions. Total VFAs were assayed by gas-liquid chromatography, according to Jouany (1982) , on 9 ml samples mixed with 1 ml of 5% (w/v) orthophosphoric acid and stored at -20°C. The samples were taken from the rumen 0, 3, 6, 12 and 18 h h after feeding.
Ammonia nitrogen Atkinson and Walton (1967) to characterize the overall physiological state of microorganisms. It is high for microbes in the growth phase and low for those in their stationary or senescent phases (Swedes et al, 1975 sampled for the measurement of rumen metabolic parameters during the 5th and 6th weeks of each experimental period. The evolution of protozoa populations was followed by sampling rumen juice for 4 successive days at times 0.5, 1.5, 3 and 6 h after feeding the animals.
Statistical analysis
As the defaunating treatment is drastic, the experimental design had to follow the sequential order of defaunation, refaunation with lsotricha alone and faunation with the mixed fauna. A latin square design was therefore impossible to apply.
Data were analyzed according to the Anova procedure (SAS, 1985) as described by Jouany et al (1995) . The model used was as follows: Yij = p + A; + T + 6i! where Yij = trait observed, A; = animal effect, fi = protozoa effect, 6ij = error, assumed to be the effects of the interaction between animal and protozoa.
As mature castrated males were used and maintained in a pen with constant temperature and light between periods, we considered that the time effect was negligible. We assumed that differences between periods were due to protozoa. As already observed in previous studies (S6naud et al, 1980; Jouany et al, 1995) , the population of Isotricha grew rapidly for 10 d after being detectable in the rumen (day 7), peaking at 15 x 10 3 ciliates/ml on day 17 after seeding. It then fell for 2 d to 6 x 10 3 ciliates/ml and finally stabilized at values close to 10 4 /ml in both sheep.
RESULTS
Establishment of mixed fauna in rumens containing the genus lsotricha After the introduction of 250 ml pooled rumen contents withdrawn from the 3 sheep which had been monoinoculated with either Entodinium, Epidinium or Eudiplodinium all l the ciliates were immediately detected in the receptor sheep (fig 2) . Entodinium peaked on day 9 (10 6 /ml), falling off thereafter for 7 d (1.7 x 10 5 /ml) before increasing again and levelling off at 3.0 x 10 5 /ml. Eudiplodinium peaked from days 6-10 after inoculation (4.0 x 10 4 /ml), and then fell slightly before settling at 2.5 x 10 4 /ml. In sheep B, Epidinium increased up to day 13 3 (2.0 x 10 4 /ml) and then fell for 3 d before increasing again and stabilizing at about day 23 after inoculation at 2.0 x 10 4 /ml. In sheep A, Epidinium disappeared from days 6-13. From day 16, it had the same development as in sheep B. The population of Isotricha was unaffected by the introduction of the other 3 genera.
Once the protozoan population stabilized, it was composed of approximately 85% Entodinium, 10% Epidinium, 3% Eudiplodinium and 2% Isotricha. This is consistent with the bibliographic data (Jouany, 1989) . The volume and biomass of ciliates (table I) were about 2.6 times greater in the rumen of mixed faunated sheep than in that of Isotricha monoinoculated animals.
Evolution of protozoa population after feeding
The number of Isotricha increased slightly in the rumen after feeding, in both the monoinoculated and mixed-faunated animals. Because of large variations in Isotricha concentrations from one day to another, the curve ( fig 3A) gives the impression that the concentration of Isotricha varies little throughout the day. On the contrary, the number of entodiniomorphid ciliates decreased severely during the 3 h following the meal and increased 6 h after feeding ( fig 3B) .
Bacteria counts
Because of the large variations in bacteria counts between days for the same animal, and between animals for the same day, statistical analysis showed no effect (p < 0. 
DISCUSSION
The pattern of protozoal development during the growth phases was consistent with that described by S6naud et al (1980) and Groli6re et al (1980) . It is noteworthy that the numbers reached at the end of the growth period always exceeded the subsequent plateau value. This shows that the equilibrium of the microbial ecosystem is governed by interactions between microorganisms (Isotricha, bacteria or fungi in monoinoculated sheep, and additional interactions between protozoa in mixed-fauna animals), and requires some 10 d to stabilize.
It is generally accepted that highly acidic pH values in the rumen can inhibit the growth of ciliates (Purser and Moir, 1959) and may even cause their complete elimination (Eadie et al, 1970; Whitelaw et al, 1972; Rung et al, 1986) . The decline in the number of entodiniomorphid ciliates noted here during the 3 h following the meal in the rumen juice was always observed in the numerous experiments we carried out. We consider that it is more due to the migration of protozoa towards the matrix of solid particles and to dilution effect than a direct effect of pH because it also appears when animals are fed with hay and straw diets (see Jouany etal, 1973; Jouany 1978) . Furthermore, the present results show that with a pH of about 5.6 that persists for about 6 h after feeding and with a normal molar proportion of propionate in the VFA mixture (ca 20%), the ciliate population in the rumen can be large. It is possible that the propionate concentration is the main factor in the elimination of ciliates sometimes observed with starch-rich diets as reported by Kobayashi and Itabashi (1986) .
Contrary to most studies showing that defaunation decreases bacterial population (see Williams and Coleman, 1992) , the absence of any effect observed here could be due to the fact that determinations were made on total counts instead of viable counts.
The very low values of adenylic nucleotides we observed, compared to those of Wallace and West (1982) and Erfle et al (1986) , could have been due to losses during sampling, although extractions were done no more than 8 min after rumen contents were removed from the rumen, or to the disturbance of rumen microbes related to large amounts of highly fermentable starch. A more plausible reason is that a large majority of microbes were eliminated from our liquid samples during the filtration of solid particles. We can therefore consider that these results concern only the liquidassociated bacteria and protozoa.
As indicated previously by many authors, the meaning of adenylic nucleotides in the rumen is difficult to assess. Although they have been used in various ecological systems (Karl, 1980) as biomass indicators, they have been estimated as poor evaluators for rumen microbes.
ATP has been proposed as an indicator of microbial metabolic activity (Wolstrup and Jensen, 1978) . According to Erfle et al (1986) , it is not a reliable marker for this microbial characteristic. Like Swedes et al (1975) , Erfle et al (1986) (Erfle etal, 1986 ).
The decrease in concentration of ATP, ADP and total adenylic nucleotides in the rumen juice of faunated animals after feeding is mainly explained by the migration of most microbes towards the solid phase and also by a decline in ciliate numbers in the mixed faunated rumens, protozoa being richer than bacteria in ATP and ADP (Fosberg and Lam, 1977) . The same relationship between adenylic nucleotide concentration and protozoal biomass has been observed using Rusitec (Bohatier et al, 1992 (Martin and Michalet-Doreau, 1995 (1986) showed that the ciliate protozoa (mainly Epidinium sp) rapidly colonize the lucerne stems (in less than 15 min) and break down the tissues situated between the epidermis and the vascular cylinder. In contrast, the ciliates do not fix on wheat straw to any extent. Because they must ingest small particles and soluble substrates to digest them, the action of extracellular enzymes is not efficient in protozoa (Akin and Amos, 1979) . This selective behaviour towards the 2 substrates tested may explain the positive action of ciliates on the breakdown of lucerne and the negative effect on straw. In addition, the chemical composition of the walls of the 2 tested substrates is different. According to Jarrige (1981) (Mendoza et al, 1993) . The increased butyrate proportion of the VFA mixture in the faunated sheep, at the expense of propionate and valerate, is consistent with previously published results (Jouany et al, 1988) . This trend was less marked in Isotricha-monoinoculated sheep than in mixed-faunated sheep, and is probably the direct consequence of butyrate production by the entodiniomorphid ciliates (Eadie et al, 1970) . On the other hand, the lactate that could be produced with such diets was never detected in the sheep rumen juice throughout the experiment. It was probably metabolized by ciliates into propionate in the faunated animals (Chamberlain et al, 1983; Newbold et al, 1985) , and could explain why there was not the expected decrease in propionate (Jouany, 1991 ) . In defaunated animals, lactate can be transformed into butyrate by bacteria (Jouany, 1991) Ushida et al (1991 ) concerning the effect of protozoa on cell-wall carbohydrate digestion in the rumen.
Finally, it was confirmed that a mixed population of protozoa has a detrimental effect on protein utilization in ruminants, while the deaminating activity of rumen microbes was significantly decreased when Isotricha was alone as previously shown in vitro (Jouany et al, 1992) and in vivo (Jouany et al, 1995) . This could mean that the amino acid supply to ruminants is higher in Isotricha-monoinoculated animals. Such a hypothesis must be confirmed by in vivo digestion trials using sheep fitted with duodenal fistula. The decrease in NH 3 -N concentration in these animals could limit nitrogen excretion in urine and be of interest in the consideration of nitrogen pollution in relation to husbandry.
